A worldwide increase in the prevalence of obesity has been observed in both developed and developing countries. 1 Furthermore, childhood obesity is associated with a number of medical co-morbidities, including asthma, hyperlipidaemia, obstructive sleep apnoea (OSA), hypertension, and adult heart disease. 2 Published information regarding the anaesthetic and perioperative implications of childhood obesity is sparse, and is mostly based on data from adult studies. 3 -5 From the anaesthesiologist's point of view, caring for an obese child means dealing with early manifestations of the co-morbidities of adult obesity and sometimes dealing with new surgical procedures (bariatric surgery). There are few data regarding outcome in obese children undergoing anaesthesia and surgery. Two retrospective studies have been performed in children. 6 7 A previous prospective study suggests that obese children presenting for elective surgical procedures have a greater prevalence of pre-existing co-morbid medical conditions and an increased incidence of perioperative adverse respiratory events compared with normalweight children. 8 This study was designed to prospectively examine the relationship between childhood obesity and perioperative adverse events in children undergoing elective general surgery.
Methods
After the approval of the ethics committee, all children aged 2-16 yr undergoing elective general surgical procedures (inguinal hernia, hypospadias, umbilical hernia, undescended testes, and excision of dermoid cysts, lipoma, or haemangioma) were included in this prospective cohort study over a period of 2 yr (2007 -8). The study site was the paediatric theatre with four operating theatres at Alexandria University Hospital.
Preoperative height and weight were used to calculate BMI. BMI (kg m 22 ) is used to classify weight in adults: a and differences in the distribution of muscle and fat. Specific growth curves showing the percentiles for BMI according to sex and age have been used. 9 Accordingly, subjects were classified as obese, overweight, and normal weight. The following data were collected from patient files: patient characteristics, airway examination, duration of surgery, and medical co-morbidities. Data regarding the incidence and severity of respiratory complications were recorded throughout the perioperative period by the anaesthesia provider of each case. Significant desaturation was defined by any recorded intraoperative Sp O 2 value ,90%. Upper airway obstruction was defined as the requirement of oral airway Table 2 Comparison of anaesthetic care between obese (O) and non-obese (N) subjects. Data are represented as n (%). * and ** significant difference between obese and non-obese for this age group at 95% CL and 99% CL, respectively Standard monitors were applied to all subjects, although the anaesthetic management of each subject was up to the individual anaesthesia provider.
Anaesthetists were asked if they had changed their anaesthetic plan because the child was obese. Other complications, including postoperative nausea and vomiting, aspiration, and unplanned hospital admission, were noted. We excluded children with secondary causes of obesity from the study. Children with laryngo-tracheomalacia and neuromuscular disorders were also excluded.
Statistical analysis
Statistical analysis was performed using the PAST software package (http://palaeo-electronica.org/2001_1/past/ issue1_01.htm). Statistical significance was set at a confidence interval (CI) of 95%. Summary statistics are presented as arithmetic mean (standard deviation), except for frequency and per cent. Comparisons between obese and nonobese subjects within each age group stratum were done using Student's t-test for quantitative variables and z-test of proportion for categorical variables. Effect measures were calculated in the form of odds ratio (OR) for studying the association between obesity and medical co-morbidities, and relative risk (RR) for the occurrence of Mallampati airway classification and the incidence of any respiratory event. The Mantel-Haenszel test was used to calculate the pooled effect measures controlling for age (after concluding that neither confounding nor interaction was detected as an effect of age, the age-adjusted values were used). Statistical significance was defined as P.0.05.
Results
We studied 1465 children, of whom 154 (10.5%) were obese, 223 (15.2%) were overweight, and 1088 (74.3%) were normal weight. Preliminary analysis of the data showed that normalweight and overweight children behaved similarly with regard to the incidence of complications. We decided to restrict our analysis to two groups only: obese and non-obese (normal and overweight combined). The characteristics of the study subjects are presented in Table 1 . The control group is significantly larger than the obese group. Therefore, we decided to age match the subjects of the obese group with those of the control group to make direct comparisons between the two groups. Age was categorized into four strata, and then obese and non-obese subjects were compared within each age group. No significant differences were observed between obese and non-obese subjects with regard to sex, duration of anaesthesia, or PACU stay. Table 1 also shows the ASA status, medical co-morbidities, and preoperative airway assessment for each cohort. Nonobese subjects were significantly healthier (ASA class I) than obese subjects in all four age groups. Obese children showed a significantly higher prevalence of coexisting conditions, especially asthma and sleep apnoea. Obese children were less likely to be classified as Mallampati I compared with non-obese children and the incidence of Mallampati III classification was significantly more common in obese subjects than non-obese subjects in all age classes. The airway and anaesthetic techniques used are presented in Table 2 . Approximately 36% of anaesthesiologists caring for Table 3 Comparison of perioperative complications between obese (O) and non-obese (N) subjects. Data are represented as n (%). * and ** significant difference between obese and non-obese for this age group at 95% CL and 99% CL, respectively obese children reported a change in their anaesthetic plan because of the child's obesity. More obese subjects were induced i.v. in all age classes and more underwent rapid sequence induction (only significant in 13-16 yr age group). The incidence of tracheal intubation was more common in obese subjects. The results shown in Table 3 revealed significant differences in the incidence of haemoglobin oxygen desaturation, difficult mask ventilation, and airway obstruction between obese and non-obese for all age classes. The occurrence of bronchospasm was higher in obese subjects, especially those with asthma. Adverse respiratory events were significantly more frequent in obese subjects, especially in younger age classes (Table 4) . Mallampati classification .II showed statistically significant higher RR among obese than non-obese subjects controlling for age with age-adjusted RR¼8.34. The risk of all adverse respiratory events was higher among obese subjects with age-adjusted RR¼1.49. There were also significant associations between obesity and asthma controlling for age (OR¼1.8), and between obesity and sleep apnoea (OR¼4.0) ( Table 5) .
Discussion
The present study revealed an increased incidence of perioperative adverse respiratory events in obese children, especially in younger age classes. In a study examining female adolescents in Egypt, 12 35% of the examined girls were overweight, and 13% were obese. Overweight classification was more common in urban girls than in rural girls and more common in girls with a higher socio-economic status than in those with a lower socio-economic status. The dramatic increase in childhood obesity in the developing countries including Egypt necessitates examining different modalities of anaesthetic management for this group of patients, anticipating the incidence of complications in these patients, and identifying predictors of complications. The prevalence of obesity in our study was 10.5% of children undergoing surgery and anaesthesia, which was less than results from a recent retrospective study in children. 6 This difference might be attributed to differences in socioeconomic standards between Egypt and developed countries. 6 Childhood obesity is usually associated with medical co-morbidities such as type II diabetes mellitus, asthma, hyperlipidaemia, hypertension, OSA, and heart disease. 13 -15 Our study showed an increased prevalence of coexisting conditions, including asthma, and sleep apnoea, consistent with previous studies. Several studies have shown that being overweight or obese are risk factors for perioperative adverse events in adults, including difficult mask ventilation, laryngoscopy, aspiration, postoperative atelectasis, and surgical site infection. 16 -20 However, despite the adult data, there are few studies regarding outcome in overweight or obese children who present for anaesthesia and surgery. In one recent retrospective study, there was a small increase in minor respiratory complications in children who were obese. 7 In another retrospective study that compared normal-weight children with obese children, there was a greater frequency of difficult mask ventilation (2.2% vs 7.4%), postoperative airway obstruction (0.07% vs 1.6%), and difficult laryngoscopy (0.4% vs 1.3%), in obese children. 6 Highly significant differences in the incidence of desaturation, difficult mask ventilation, airway obstruction, or bronchospasm between obese and non-obese subjects for all age classes were encountered in our study. The occurrence of bronchospasm and all adverse respiratory events were significantly higher in obese subjects, especially in younger age classes. In the present study, the risk of all adverse respiratory events was higher among younger obese children than older ones. In conclusion, our results confirmed an increase in the incidence of overweight status and obesity and an association between obesity and adverse respiratory events among Egyptian children presenting for anaesthesia and surgery. It is important to identify patients at risk of complication and anticipate and treat expected complications in obese children.
